Ocular pathology that manifests at an early age has the potential to alter the visiondependent emmetropisation mechanism, which co-ordinates ocular growth throughout childhood. The disruption of this feedback mechanism in children with congenital or early-onset visual impairment often results in the development of significant ametropia, including high levels of spherical refractive error, astigmatism and anisometropia. This review examines the use of contact lenses as a refractive correction, low vision aid and therapeutic intervention in the rehabilitation of patients with bilateral, irreversible visual loss due to congenital ocular disease. The advantages and disadvantages of the use of contact lenses for increased magnification (telescopes and microscopes) or field expansion (reverse telescopes) are discussed, along with the benefits and practical considerations for the correction of pathological high myopia. The historical and present use of therapeutic tinted contact lenses to reduce photosensitivity and nystagmus in achromatopsia, albinism and aniridia are also presented, including clinical considerations for the contact lens practitioner. In addition to the known optical benefits in comparison to spectacles for high levels of ametropia (an improved field of view for myopes and fewer inherent oblique aberrations), contact lenses may be of significant psycho-social benefit for patients with low vision, due to enhanced cosmesis and reduced conspicuity and potential related effects of improved self-esteem and peer acceptance. The contact lens correction of patients with congenital vision impairment can be challenging for both practitioner and patient but should be considered as a potential optical or therapeutic solution in modern low vision rehabilitation.
Ocular pathology that manifests at an early age has the potential to alter the visiondependent emmetropisation mechanism, which co-ordinates ocular growth throughout childhood. The disruption of this feedback mechanism in children with congenital or early-onset visual impairment often results in the development of significant ametropia, including high levels of spherical refractive error, astigmatism and anisometropia. This review examines the use of contact lenses as a refractive correction, low vision aid and therapeutic intervention in the rehabilitation of patients with bilateral, irreversible visual loss due to congenital ocular disease. The advantages and disadvantages of the use of contact lenses for increased magnification (telescopes and microscopes) or field expansion (reverse telescopes) are discussed, along with the benefits and practical considerations for the correction of pathological high myopia. The historical and present use of therapeutic tinted contact lenses to reduce photosensitivity and nystagmus in achromatopsia, albinism and aniridia are also presented, including clinical considerations for the contact lens practitioner. In addition to the known optical benefits in comparison to spectacles for high levels of ametropia (an improved field of view for myopes and fewer inherent oblique aberrations), contact lenses may be of significant psycho-social benefit for patients with low vision, due to enhanced cosmesis and reduced conspicuity and potential related effects of improved self-esteem and peer acceptance. The contact lens correction of patients with congenital vision impairment can be challenging for both practitioner and patient but should be considered as a potential optical or therapeutic solution in modern low vision rehabilitation.
Key words: contact lenses, low vision
Numerous ocular conditions that impair vision from birth or shortly thereafter during childhood are frequently associated with significant spherical or astigmatic refractive errors due to altered emmetropisation. Consequently, for a variety of reasons, for both paediatric and adult patients with low vision from an early age, contact lenses may be the preferred method of refractive correction. Compared to spectacle lenses of similar power, they offer a substantially wider field of view (for myopes) and field of fixation, improved optical quality (fewer inherent oblique aberrations), increased magnification (in high myopia) and a reduction in eye relief, when using low vision aids (telescopes and magnifiers can be held much closer to the eye, enlarging the useable field of view). Contact lenses may also be used for nonrefractive therapeutic purposes in low vision rehabilitation to reduce photosensitivity, minimise eye movements and enhance cosmesis and self-esteem.
The purpose of this review is to summarise the literature concerning the development of refractive errors in paediatric low vision populations and the use of contact lenses in the rehabilitation of ocular conditions that cause an irreversible, bilateral reduction in visual acuity, including the optical and therapeutic advantages, clinical challenges and practical considerations for contact lens practitioners. This review does not examine the treatment of damaged corneae through the use of scleral lenses or unilateral conditions, which cause a reduction in monocular visual acuity (for example, corneal opacities, ocular trauma) or adversely affect binocularity that may benefit from contact lens correction or penalisation (for example, high anisometropia inducing amblyopia or aniseikonia). Similarly, the use of contact lenses to correct infantile aphakia and keratoconus have been summarised in detail elsewhere 1,2 and appropriate and timely optical or surgical intervention in these conditions can often result in relatively normal levels of visual acuity, which exceed the World Health Organization definition of low vision (worse than 6/18 in the better eye).
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REFRACTIVE ERROR DEVELOPMENT IN PAEDIATRIC LOW VISION POPULATIONS
Emmetropisation is a visually guided process, in which neonatal refractive errors are gradually reduced toward emmetropia or low hyperopia through coordinated ocular growth during childhood. 4 Degradation of retinal image quality early in life due to ocular disease disrupts this mechanism, resulting in the development of refractive errors. Consequently, children with a visual impairment from a congenital ocular condition often have significant spherical refractive errors and moderate to high levels of astigmatism or anisometropia due to altered emmetropisation. Significant refractive errors should be corrected, typically based on cycloplegic retinoscopic findings in children and subjective refraction in adults. While distance visual acuity may not substantially improve with refractive correction in cases of central pathology, peripheral image quality may be enhanced, along with near task performance. 5 Detailed information concerning some practical aspects of refractive error determination and the measurement of visual acuity in patients with low vision are provided in Appendix S1.
In a cross-sectional study, Du and colleagues 6 observed that less than 25 per cent of children with low vision displayed refractive errors within 1.00 D and that the range of refractive errors approximated a normal distribution for several age groups examined, rather than the expected leptokurtotic distribution typically observed in older children without a visual impairment ( Figure 1A ). Nathan and colleagues 7 reported similar findings with less than one-third of children with a visual impairment manifesting refractive errors less than AE1.00 D. Figure 1B displays the wide distribution of spherical equivalent refractive error for 256 children with low vision compared to the relatively narrow range of refractions in a control group of over 1,000 children without visual impairment. Earlier onset (congenital) visual impairment also results in a wider range of refractive errors (tending toward myopia) compared to later-onset ocular conditions ( Figure 1C ). Given the wide range of refractive errors associated with paediatric visual impairment, contact lens correction in childhood can be of optical benefit, resulting in improved visual acuity and an expanded field of view (in the correction of myopia) but may also positively influence self-esteem, self-worth, confidence, social acceptance and participation in sport. [8] [9] [10] 
OPTICAL APPLICATIONS OF CONTACT LENSES IN LOW VISION REHABILITATION
High myopia
Pathological myopia (myopia associated with degenerative posterior segment changes as a result of excessive ocular growth) 11 is the primary cause of visual loss in approximately two to six per cent of patients attending Australian low vision clinics, including one to five per cent of paediatric low vision populations. [12] [13] [14] [15] Such high levels of myopia are typically of genetic aetiology and are present at birth or early in life and may occur in isolation or with other ocular conditions that cause visual impairment, such as albinism, 16 retinopathy of prematurity 17 and retinitis pigmentosa (particularly x-linked recessive inheritance patterns). 18 Reduced visual acuity in high myopia typically occurs due to excessive axial elongation, which may result in retinal stretching and detachment, photoreceptor reorganisation and chorioretinal atrophy; 19 however, minification of the retinal image simply due to spectacle correction may also contribute to reduced visual acuity. The use of contact lenses to correct high myopia as a form of low vision rehabilitation may become more common in the coming years due to the rapid increase in the prevalence of myopia in recent decades, with over 900 million cases of high myopia (defined as −5.00 D or greater) predicted by the year 2050. 20 
Magnification
In addition to providing a larger field of view due to the reduced vertex distance compared to spectacles and a greater field of fixation as contact lenses move with the eye, visual acuity may be improved by approximately one to two lines with contact lens correction (dependent upon the degree of high myopia) because of the reduction in lens power required at the corneal plane. This results in a larger retinal image or less spectacle lens minification. Figure 2 displays the increase in retinal image size (magnification) and the theoretical improvement in visual acuity with contact lens correction for a range of myopic refractive errors and back vertex distances. 6 ). For each age group, 0-2 years (black area), 6-8 years (light grey area) and 12-14 years (dark grey area), the spread of refractive errors exhibits a near normal distribution and does not increase in kurtosis with increasing age groups. This suggests that the emmetropisation process is affected in children with low vision. (B) The relative frequency distribution of spherical equivalent refractive error in children with low vision (grey area) and a control group with normal vision (black area) (derived from Nathan and colleagues 7 ). Children with visual impairment display a markedly wider spread of refractive errors.
Several case series have highlighted the gains in visual acuity from contact lens correction in high myopia. Gumpelmayer 21 described modest improvements using corneal contact lenses to correct myopia of −15 D or more. In 40 patients, the mean increase in acuity was 0.31, ranging from 0.00 to 0.80 (decimal acuity); however, it is unknown which of these patients had reduced visual acuity due to myopic pathology. Similarly, Graham 22 described the correction of two children (eight and 16 years) with soft contact lenses for high myopia up to −17 D, which resulted in a two line logMAR improvement in visual acuity on average, from 6/48 with spectacles to 6/30 with contact lenses.
In another case series of 20 high myopes (up to −33 D), Fonda 23 reported a mean improvement in visual acuity of 0.11 AE 0.18 logMAR (a range of 0.02 to 0.80 logMAR improvement), excluding eyes with pathology other than myopia. The greatest gains in visual acuity were observed in teenagers with congenital myopia (0.18 AE 0.22 log-MAR), rather than those with pathological fundus changes aged between 20 to 40 years (0.03 AE 0.04 logMAR). Given the modest gain in distance visual acuity (approximately one line) and the loss of the ability to remove spectacles for increased magnification at near, Fonda concluded that the greatest benefit of contact lens correction in high myopia was not visual rehabilitation but cosmetic.
Practical considerations for contact lens correction in high myopia
It should be kept in mind that during near tasks, spectacle-corrected myopes have the benefit of base in prism that aids convergence, which is removed when corrected with contact lenses, increasing the convergence demand. Similarly, the accommodative demand increases with contact lens correction compared to spectacles for myopes, more so for closer working distances and higher magnitudes of myopia. Consequently, patients with exophoria at near, incipient presbyopia or a habitually close working distance may prefer spectacles to a contact lens correction for moderate to high myopia to alleviate potential asthenopic symptoms related to near work and to maintain the flexibility of being able to rapidly remove their spectacles, when required for a high-powered (unaided) near addition.
The thick mid-periphery of high minus contact lenses can cause high-riding rigid gas-permeable (RGP) lenses to ride even higher due to lid attachment and if this occurs unilaterally, may induce a vertical prismatic imbalance, discomfort and inferior corneal desiccation staining. Conversely, in an interpalpebral fit, the upper lid may force the lens downward due to interaction with the thicker lens periphery. The mid-peripheral thickness can be minimised through polishing or customised anterior surface lathing. 24 A minus power lenticular or aspheric design may be required for corneal RGP lenses (a second curve added to the periphery of the anterior lens surface, effectively creating a front bevel) to minimise edge thickness for comfort and stability on the eye. 25 Scleral contact lenses are a useful alternative for improved centration and stability and if high powers are required (for example, over −40 D) this can be worked onto the anterior lens surface. A negatively powered post-lens tear layer can also contribute to the refractive correction. 26 Higher levels of axial myopia are associated with a slightly steeper and less prolate cornea; 27 however, in Asian populations, corneal flattening has been reported with increasing myopia. 28 Consequently, a flatter back optic zone radius (BOZR) may be required (or a lens design with flatter peripheral curves) in some cases.
In addition to the well-documented potential hypoxia-related complications associated with thick high minus powered soft contact lenses (even those manufactured in highly oxygen permeable materials), there is the potential for the retention of greater quantities of preservatives from disinfecting solutions, which may result in solution hypersensitivity or preservative toxicity as the chemical gradually releases into the tears during wear. Similarly, hydrogen peroxide may be absorbed deep within a thick soft contact lens and require a longer than usual time for neutralisation to occur. 25 Thick soft contact lenses are also prone to large changes in curvature due to on-eye dehydration (that is, the lens fit can gradually become tighter due to an increase in sagittal depth and a steepening of the BOZR). Refractive changes may also occur due to an increase in back vertex Contact lenses in low vision rehabilitation Vincent power (more minus) as the material refractive index increases with lens dehydration. 29 Given these potential issues related to soft lens materials, rigid contact lenses are the correction of choice in cases of severe myopia.
OTHER OPTICAL APPLICATIONS OF CONTACT LENSES AS LOW VISION AIDS
Contact lens telescopes
The modern contact-spectacle lens telescope was conceived by Dallos 30 in 1936, and its first clinical application was reported in 1939 using a glass scleral lens. 31 A highpowered minus contact lens worn in conjunction with a high powered convex lenticular spectacle lens at an appropriate vertex distance provides magnification up to about two times, a significantly enlarged field of view and field of fixation and enhanced cosmesis compared to a spectacle mounted telescope. 32 The Galilean design (a convex objective and concave eyepiece) is required in a contact lens telescopic system to ensure an upright image, since the Keplerian telescope, which consists of a convex objective and eyepiece produces an inverted image. Due to the limited magnification that can be produced from such a system, contact lens telescopes are best suited to young patients with mild-moderate symmetrical visual impairment (~6/30 to 6/120 acuity). Such devices are not successful in elderly patients with central pathology and senile pupil miosis and require a period of adaptation due to spatial disorientation that occurs; vertical movements of the contact lens eyepiece and lateral movements of the spectacle objective lens result in an apparent movement of the field and head movements induce a shift in the visual field in the opposite direction. A scleral contact lens incorporating a reflecting telescope is currently under development, [33] [34] [35] which provides up to approximately three times magnification and does not require a highpowered spectacle lens objective; however, with a total lens thickness over 1,600 μm, providing adequate corneal oxygenation during lens wear remains a design challenge.
Reverse contact lens telescopes
A reverse contact-spectacle lens telescopic system can be used to artificially expand the visual field in cases of retinitis pigmentosa or homonymous hemianopia 36 by minifying the retinal image, which allows more objects to be viewed within the remaining field of view. To ensure an upright image, the reverse telescope must also be a Galilean design consisting of a high-powered convex contact lens and a negative objective spectacle lens. While this device allows more peripheral objects to be viewed within a restricted field, an obvious disadvantage is the associated reduction in visual acuity due to image minification. Reverse contact lens telescopes have also been used for other applications, such as retinal image size equalisation in unilateral aphakia.
Contact lens microscopes
Contact lens microscopes, effectively a highpowered near addition, may also be prescribed for one eye, as an extreme form of monovision for appropriate magnification during near tasks. 37 As for contact-spectacle lens telescopic systems, monocular contact lens microscopes are recommended for young adults with approximately equal visual acuity between the two eyes, so the uncorrected eye can be used for distance vision and orientation and mobility. The magnification provided is given by the equivalent power of the effective near addition divided by four (as per the standard magnification reference to 25 cm). For example, to provide five times magnification at near for a non-accommodating emmetropic eye requires a +20 D addition at the spectacle plane or between +24 and +30 D at the corneal plane for back vertex distances between eight and 16 mm. To optimise corneal oxygenation, high plus corneal RGP lenses are recommended with a lenticular design to reduce the lens mass and a peripheral carrier to improve centration; a parallel carrier for an interpalpebral fit or a negative carrier for a lid attachment fit.
While contact lens telescopes and microscopes may provide a suitable optical solution for specific distance and near tasks for low vision patients, careful patient selection is required given the significant spatial changes they induce in the visual environment and the marked disruption of binocular vision (however, many patients with congenital visual impairment have biocular rather than binocular vision).
THERAPEUTIC TINTED CONTACT LENSES
A number of congenital ocular conditions cause anatomical anomalies that result in extreme photosensitivity, which can be reduced or eliminated by tinted contact lenses. Such conditions (for example, albinism, aniridia, cone dystrophies) are often associated with significant spherical or astigmatic refractive error, which can also be incorporated into a therapeutic tinted contact lens.
Achromatopsia
Tinted contact lenses are particularly beneficial in cone dystrophies, since reducing the amount of light reaching the retina prevents rod photoreceptor saturation and minimises glare and photophobia. Achromatopsia (rod monochromatism) is a rare, stable condition with an autosomal recessive inheritance pattern and characteristic clinical features, including reduced visual acuity (between 6/30 and 6/120), light sensitivity, pendular nystagmus (often worse in high illumination), normal fundus appearance with a missing foveal inner-outer segment photoreceptor junction on optical coherence tomographic imaging, extinguished electroretinogram photopic response and absent colour vision (a positive result on the Sloan achromatopsia test). 38 Paradoxical pupil miosis in reduced illumination has also been observed. 39 Incomplete forms of achromatopsia have been reported with residual cone function 40 along with an extremely rare x-linked variant (blue cone monochromatism). 41 A wide range of spherical refractive errors has been observed in achromatopsia (from high myopia to high hyperopia greater than AE12 D) with an increased incidence of corneal astigmatism. 42 Theoretically, patients with complete achromatopsia should benefit the most from a red filter that reduces the amount of short wavelength radiation reaching the retina, thereby reducing rod photoreceptor activity; however, a range of preferred tints has been reported in the literature, most likely due to differences in disease severity and cone function (for example, red-brown tints may be more suitable for patients with residual cone function or a magenta tint may be favoured in blue cone monochromatism). 43 A tinted contact lens is often an excellent solution for patients with achromatopsia, as
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Clinical and Experimental Optometry 100.5 September 2017 © 2017 Optometry Australia the lens can usually provide sufficient relief of symptoms to eliminate the need for darktinted sunglasses with side shields and/or protective headwear, while indoors. 44 In addition to the reported benefits of increased peer acceptance and social interactions in children with achromatopsia fitted with tinted contact lenses, 45 modest improvements in visual acuity (0.10 to 0.20 log-MAR 44, 46, 47 ), contrast sensitivity (0.9 to 1.2 log units) and colour discrimination 44 have also been reported. While it is possible to produce very dark tinted contact lenses, these may significantly reduce visual acuity in low illumination. Therefore, a moderate tint is typically prescribed and if a further reduction in illumination is required, sunglasses can also be worn when outdoors or a plano tinted contact lens may be used in conjunction with a photochromic spectacle over-correction worn at all times.
The contact lens used may be soft or rigid and the final preferred tint may be red, 44, 46 brown, 45 amber, 49 grey 49 or a combination of these, 47 with a transmittance value typically between 14 to 30 per cent. [45] [46] [47] 49 Some authors recommend extending the tint only to 2.0 mm beyond the pupil diameter measured in dim illumination; 47 however, light entering the eye through the peripheral cornea may still cause glare using this approach. Therefore, it may be prudent to use a conservatively large tint, at least to within one to two millimetres of the total lens diameter or include an opaque tint in the lens periphery. While silicone hydrogel soft contact lenses are preferred in high ametropia to maximise oxygen transmissibility, their lower water content 50 compared to traditional hydrogel materials means they do not tint as readily. Some opaque tints are also manufactured with hydroxyethyl methacrylate material.
Albinism
Albinism describes a group of genetic conditions in which melanin synthesis is impaired, characterised by an absence of pigmentation of the iris and retinal pigment epithelium (resulting in glare and photophobia), nystagmus which often decreases with age, foveal hypoplasia, reduced visual acuity 51 and often strabismus and high ametropia (14 per cent of patients with albinism have refractive errors greater than AE10 D). 52, 53 High levels of with-the-rule corneal astigmatism are often present (on average 2-3 D), 16, 54 hypothesised to be due to the mechanical interaction between the cornea and pressure from the eyelids associated with repeated horizontal eye movements or narrowing of the palpebral aperture due to photosensitivity. 55 Contact lens correction in albinism may be beneficial for a number of reasons, including an improved cosmetic outcome for high spherical and astigmatic refractive errors, a reduction in nystagmus and potentially the prevention of the development of meridional amblyopia; however, a primary use of contact lenses in albinism is to reduce photophobia with tinted or opaque iris lens designs.
In 1930, Karl Ascher, a Prague ophthalmologist best known for his discovery of aqueous veins in 1942, 56 used tinted scleral shells (with the posterior surface of the haptic painted with an opaque black enamel and the anterior surface painted white along with red blood vessels) to minimise glare in patients with albinism as an alternative to corneal tattooing. 57 This appears to be the first suggestion in the literature for the use of a contact lens in the visual rehabilitation of albinism. In the early literature, scleral or corneal rigid contact lenses with an opaque artificial iris were described as iris contact lenses, minimal or limiting aperture contact lenses, pupil-controlled contact lenses and pinhole contact lenses. The first opaque corneal contact lenses contained a hand-painted iris layer completely encapsulated in plastic with a clear optical zone housing the refractive correction. While these lenses reduced light scatter and glare sensitivity and often improved visual acuity, manufacturing such lenses was technically challenging. 58 In 1959, Middleton 59 described in detail the contact lens correction of a two-yearold with partial albinism in an attempt to foster macular development. The patient had high myopia and astigmatism (R −11.50/−6.00 × 180, L −11.50/−2.00 × 180), nystagmus, intermittent esotropia, photophobia and reduced visual acuity (6/90). He was fitted empirically with a 9.6 mm diameter rigid tricurve in each eye and following a total of 45 consultations over a 15 month period (including fitting, teaching and aftercare appointments) the lenses could be worn for eight hours per day and both photophobia and visual acuity improved significantly (to 6/30). The author considered a tinted spectacle overcorrection or grey tinted contact lenses but hypothesised that allowing more light to enter the albinotic eye may stimulate pigment formation.
In 1968 Epsy 60 described the use of cosmetic scleral contact lenses (a painted iris and sclera), in which the pupillary optical zone was ground appropriately for refractive correction, primarily for cases of ocular albinism. A circular cavity was cut into the anterior portion of the scleral lens and a handpainted corneal lens was fixed within this cavity. The scleral haptics were thinned to 300 μm and painted with a thin layer of white acrylic, tinted to resemble the sclera, including nylon scleral veins. The entire lens was then covered with a layer of clear acrylic, resulting in a minimum thickness of 1,000 μm. The rationale for this approach was that the posterior lens surface was unchanged from the original impression taken of the eye.
The 'Pupilens', described by Mazow, 61 was a corneal rigid contact lens with an opaque black periphery (an artificial iris of 7.0 mm outer diameter) and a clear central aperture effectively acting as a pinhole to minimise spherical aberration and enhance the depth of focus (by around three dioptres) to treat presbyopia. Any pupil diameter greater than around 1.2 mm could be used, as smaller diameters would result in diffraction effects and potentially reduce visual acuity. A 20-year-old patient with a 'tapetal' retinal degeneration, in which less light is absorbed by the atrophic retina, was fitted with such a lens. Distance visual acuity improved from 6/36 to 6/15, with a similar improvement in near acuity. Visual fields assessed using a tangent screen and a gross white target were not reduced along the horizontal meridian. Modern soft opaque contact lenses for albinism have also been described that use an annular opaque pupil (for example, an 8.0 mm diameter black pupil with 2.5 to 3.5 mm clear zone centrally) surrounded by an opaque iris tint to further reduce light passing through the natural pupil and iris. 62 Fonda 63 argued that tinted or cosmetic contact lenses do not improve visual acuity in albinism, except in the presence of high myopia. He claimed that there is no rationale for prescribing opaque contact lenses given that reduced visual acuity is primarily a result of macular hypoplasia; however, numerous case reports published since do suggest that therapeutic tinted contact lenses can be of great visual benefit to some patients with albinism.
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Aniridia
Therapeutic tinted contact lenses have also been used to improve visual function in cases of aniridia; a bilateral, autosomal dominant genetic disorder, which results in iris abnormalities (from mild hypoplasia to a total absence of iris) and often nystagmus, extreme photophobia and strabismus. 64 Enoch and Windsor 65 used vented cosmetic scleral contact lenses to treat a four-month-old infant with congenital bilateral aniridia and marked jerk nystagmus. Two 'V channels' were incorporated within the haptics, one superiorly and one inferiorly, to promote tear exchange (such channels are no longer routinely used due to the potentially compromised mechanical structure of the lens and the significant improvement in oxygen transmissibility of modern lens materials). The scleral lenses were initially fitted without artificial irides to facilitate the assessment of the central fit and the lenses were then replicated with laminated painted irides and a 2.5 mm clear optical zone to correct the child's myopia. Scleral lenses were used to ensure adequate iris coverage to the limbus and effectively eliminated photophobia and significantly reduced nystagmus during lens wear. Rosenbloom 66 advocated the use of 11 mm diameter corneal contact lenses with either single or multiple pinholes (from 1.0 to 6.0 mm in diameter) for low vision rehabilitation and described the correction of a 20-year-old man with bilateral aniridia whose acuity improved from 6/60 with spectacles to 6/21 with a dark grey tinted rigid lens with a 4.0 mm central aperture with 'little change in the peripheral field'. Importantly, patients with aniridia who wear contact lenses need to be monitored closely due to the potential for corneal limbal stem cell failure associated with the condition. 67 
Nystagmus
In cases of nystagmus, contact lenses are the preferred optical correction, as the refractive correction moves with the eye. 68 Additionally, case reports 69 and laboratorybased studies [70] [71] [72] suggest that contact lens wear (with or without a tint or artificial iris) reduces the amplitude and frequency of the nystagmus in some patients, potentially by providing some tactile or proprioceptive feedback about eye movements 73, 74 ( Figure 3 ). For example, in a recent clinical trial, 11 per cent of patients reported a subjective improvement in their nystagmus, while wearing soft contact lenses compared to 37 per cent for RGP contact lenses. 75 Galilean contact-spectacle lens telescopes may also be used to magnify and stabilise the retinal image in nystagmus. 32 In brief, if a contact-spectacle lens telescope is constructed, such that the first nodal point of the system coincides with the centre of rotation of the eye (approximately 13.5 mm behind the cornea), a stable magnified retinal image is provided which minimises oscillations of the eye. 76, 77 Yaniglos and Leigh 78 described the use of a contact-spectacle lens telescopic system to stabilise the retinal image and minimise oscillopsia associated with acquired nystagmus in a young male using a −28.00 D corneal RGP contact lens eyepiece in conjunction with a +17 D spectacle lens objective; however, only 20 per cent of patients with acquired nystagmus due to neurological disease achieve successful long-term use of such devices. 79 Base out prism has also been suggested to reduce nystagmus by increasing the convergence demand; 80 such an increase is created at near when moderate myopes are corrected with contact lenses instead of spectacles. The dampening effect has been observed with both soft 71, 72 and rigid lenses [69] [70] [71] and the nystagmus may rebound or become exacerbated when the lenses are removed; 81 however, in a recent randomised controlled trial 75 comparing the efficacy of rigid and soft contact lenses with spectacles in the treatment of nystagmus, no statistical or clinically significant differences were found with respect to visual acuity or improvement in nystagmus between the three corrections in the short-term (following two to three weeks of wear). When attempting a contact lens fitting in patients with nystagmus or poor fixation, high-speed videokeratoscopy 82 (capturing a sequence of continuously rapidly acquired corneal topographic maps) may be required to determine the corneal shape rather than keratometry or static videokeratoscopy.
ADVERSE EFFECTS OF ANNULAR IRIS TINTED CONTACT LENSES
Opaque or semi-opaque tinted contact lenses ensure that less light reaches the retina, which may result in visual difficulties in mesopic or scotopic viewing conditions. In addition, central visual acuity and the central or mid-peripheral visual field may be adversely affected during or following lens wear as described herein.
Visual field
Early studies describing the use of contact lenses with artificial irides in patients with low vision comment that the effect of the lens upon the visual field was minimal; 61, 66 however, these isolated case reports typically used a relatively coarse target, often along a single meridian (with a Bjerrum screen) and compared the extent of the field with that measured with spectacle or standard contact lens correction (that is, the change in the sensitivity of the visual field was not assessed) and quantitative data were not provided.
Josephson and Caffery 83 quantified the extent of visual field loss using kinetic perimetry in healthy observers with normal vision wearing an opaque coloured soft contact lens and observed a 10 degree scotoma nasally and temporally beyond the central 30 to 50 degrees from fixation, corresponding with the opaque iris surrounding a 5.0 mm central clear optical zone. Insler, Hendricks and George 84 reported similar findings (mid-peripheral field constriction between five and 20 degrees) using Goldmann perimetry and a similar coloured soft contact lens. Using computerised perimetry, Bruce and Vingrys 
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Clinical and Experimental Optometry 100.5 September 2017 © 2017 Optometry Australia determined that a dot matrix semi-opaque annular iris print soft contact lens reduces both central (30 degrees) and peripheral visual field (30 to 60 degrees) sensitivity by less than one decibel on average in observers with normal visual acuity and concluded this was of minimal clinical significance. This is consistent with earlier studies examining the effect of opaque coloured contact lenses on static visual fields. 86, 87 Hand-painted opaque annular soft lenses induce a similar drop in central sensitivity (less than three dB) over the central 120 degrees in subjects with normal vision. 88 For opaque lenses with a central aperture (of 1.5 or three mm) central sensitivity is reduced slightly (less than three dB), which increases to an eight dB reduction 50 degrees from fixation 88 ( Figure 4 ). While no studies have specifically examined the influence of such contact lenses on the visual field in patients with low vision (specifically albinism or aniridia), any optical effects are most likely to manifest in the peripheral visual field (beyond the central 60 degrees) and will be exacerbated by smaller contact lens apertures, smaller ocular pupil sizes and deeper anterior chambers. 89 
Visual acuity
In patients without low vision, opaque cosmetic tinted soft contact lenses have been shown to reduce contrast sensitivity 90 and both high-and low-contrast visual acuity by 0.10 logMAR on average during lens wear for a variety of different lens designs. This appears to be related to lens movement with blinking, lens decentration and the position of the artificial iris relative to the entrance pupil. 91 Vison may also be adversely affected for several hours following the removal of the iris ring soft contact lenses due to the gradual resolution of changes induced in the anterior corneal surface (flattening or epithelial moulding) during lens wear. 91, 92 Practical considerations regarding therapeutic tinted contact lenses Patients (or their parents) should be advised that contact lens correction for albinism or aniridia may not always result in a substantial improvement in visual acuity but a marked improvement in photosensitivity, contrast sensitivity 93 and a reduction in nystagmus are often observed. For the correction of moderate to high levels of astigmatism common in albinism, the increased thickness of a soft toric lens may result in inferior decentration requiring an increase in the clear pupil zone diameter, if the patient becomes aware of the edge of the tint interfering with vision. Alternatively, a plano tinted contact lens to reduce photosensitivity combined with spectacles for refractive correction is another option. If no transmission of light through the iris is desired, the back surface of a soft contact lens can be painted an opaque black with an appropriate tint on the front surface for a natural iris appearance. Therapeutic annular tinted contact lenses need to be fitted slightly tighter than non-tinted lenses to maintain good centration, particularly corneal RGP lenses, which move much more on the eye compared to soft lenses and should be fitted with a slightly steeper BOZR or larger diameter. When prescribing an annular tinted contact lens for an eye with an abnormal pupil or altered iris architecture, the lens power required may be significantly different to the power required for a contact lens without a tint (a limiting aperture) particularly for higherpowered lenses. 94 
SPECIFIC CONSIDERATIONS FOR CONTACT LENS WEARERS WITH LOW VISION
The practitioner may be able to form an impression about the likelihood of successful contact lens wear during a preliminary low vision consultation. The state of personal hygiene (particularly finger nails) or the application of facial or eye make-up provides some insight into difficulties with visually guided fine motor activities, which can be challenging tasks for patients with reduced central vision.
Practitioners should be aware that patients with substantially impaired vision are usually able to insert, remove and care for contact lenses (and related devices such as cases or plungers) with practice. The process may be time consuming initially but can gradually be learned by touch. Figure 4 . The mean sensitivity (dB) across the horizontal visual field in subjects with normal vision for a clear control soft contact lens (black circles), a contact lens with an opaque iris with an inner diameter of 1.5 mm and outer diameter of 4.0 mm (red circles), a contact lens with a central circular 1.5 mm pupil and opaque periphery (green triangles) and a contact lens with a central circular 3.0 mm pupil and opaque periphery (yellow triangles). Sensitivity is reduced by less than three dB within the central 10 degrees during opaque contact lens correction and up to eight dB for aperturelimited opaque lenses. Adapted from Atchison and colleagues. 88 
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A simple magnifying mirror (two to five times magnification) is often the simplest solution to assist with insertion and removal. A plunger attached to a light source, such as a pen torch as described by Mandell 37 may also be helpful for lens insertion (a commercially available modern variation is the See-Green lens inserter). Light passes through a hole in the centre of the suction cup of the plunger upon which the lens is secured, which provides a fixation target for the patient. The whole device is then moved toward the cornea and the suction released after lens insertion. Modified aphakic spectacles may be required in cases when refractive correction is required to enable lens insertion (for example, high hyperopia). Such spectacles are altered to contain one lens only, with the eye wire removed from the fellow eye to allow easy access for the insertion of the first contact lens.
If a contact lens is lost from the eye, it may be difficult for patients with visual impairment to locate the lens. Handling tints are useful to provide additional contrast and patients should be encouraged to insert and remove lenses over a white towel or cloth. Patients should have a pair of spectacles to aid with the location of a lost lens, if comparable acuity is achievable, otherwise a backup pair of contact lenses may be required.
CONCLUSION
The contact lens management of patients with low vision can be challenging for the clinician and practically difficult for the patient during the initial stages of lens wear; however, contact lens correction can offer significant improvements in both visual acuity and the useable field of view. When prescribed as an alternative to a spectacle correction for high ametropia or a spectacle-mounted telescope or if used as a device to minimise eye movements in nystagmus or to eliminate the need to wear dark sunglasses indoors, contact lenses can be of significant psycho-social benefit by enhancing cosmesis and selfconfidence, which can impact upon social interactions and peer acceptance. Practitioners should consider contact lenses as a potential refractive or therapeutic solution in the rehabilitation of patients with low vision, particularly those of congenital onset.
